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In summary, hypoxia exists in NSCLC and it can cause the production 
of several secreted proteins, which can mediate the development of 
metastases in these tumors. Our data suggest an important role for tar-
geting tumor hypoxia and its downstream targets to improve treatment 
outcomes for NSCLC.
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Recently, individualized and tailored molecular targeted therapy was 
investigated for overcoming the limit of the present modalities of 
cancer treatment. Detoxiﬁcation enzymes (NQO1, GSTP1, MPO and 
MnSOD), DNA repair gene, XRCC1/2, ERCC1 and the others are stud-
ied, and the expression or mutations of these genes in human tissues 
are reported world-widely as a factor related to risk of cancer in lung 
or other sites. Furthermore, some reports investigated the difference 
of treatment results by expression or mutations of these genes with 
chemotherapy or radiation therapy.
Firstly, most studies have focused on the DNA repair gene, because 
DNA repair enzyme is critical for the protection of the genome from 
carcinogenic exposure and the prevention of some types of cancer. 
It is possible that the DNA repair mechanism plays a key role in the 
response of cancer cells to ionizing radiation, because the cytotoxic 
effect of radiation is mediated by the single or double strand breaks in 
the DNA. There are 4 major DNA repair mechanisms for maintaining 
the genomic integrity against damage caused by mutagens: mismatch 
repair, base excision repair, nucleotide excision repair, and double 
strand break repair. The X-ray repair cross-complementing Group 1 
(XRCC1) plays an important role in the DNA base excision repair 
pathway, giving the possibility that this enzyme has some relationship 
with the response to radiotherapy.
Secondly, a few studies have revealed that NAD(P)H:quinine oxido-
reductase (NQO1, previously called as DT-diaphorase) is manifested 
within epithelium and endothelium in human tissues, and is also at 
many tumors, particularly NSCLC, originated from epithelial cell. 
NQO1 is two-electron reductases which catalyze more toxic quinines 
to less toxic hydroquinones, so it was revealed that NQO1 may play a 
major role in cytoprotection and chemoprevention. NQO1 also prevents 
the generation of reactive oxygen (hydrogen peroxide, superoxide) to 
human tissue, and is revealed as scavenger of supreoxide. Radiation 
therapy gives cytotoxic damage to human tissue via pathway of direct 
or indirect DNA breakage and indirect pathway breaks DNA strands 
by secondary effect of free radical produced by radiation particle that a 
potent inducer of NQO1 expression in human tissues.
β-Lapachone (3,4-dihydro-2,2-dimethyl1-2H-naphthol[1,2-b] pyran-
5,6-dione) (β-Lap) was originally isolated from the bark of Lapacho 
tree (Tabebuia avellanedae) growing in South America. This drug has 
attracted considerable interest in recent years because of its potent 
cytotoxicity against various cancer cell lines through a mechanism that 
works independent of the cell cycle or p53 status. β-Lap induced cell 
death in vitro has been previously attributed to activation or inhibition 
of Topoisomerase II-α, inhibition of Topoisomerase II-α, and suppres-
sion of NF-κB activity. However, more recent studies have clearly 
indicated that none of these changes were the key determinant of cell 
death caused by β-Lap, particularly in vivo. Recently, NQO1 has been 
reported to be a key player in β-Lap induced cell death. NQO1 cata-
lyzes a two-electron reduction of β-Lap to the hydroquinone form of 
β-lap, i.e., β-Lap(HQ), using NADH or NAD(P)H as electron donors. 
The resulting β-Lap(HQ) is unstable and consequently reoxidizes in 
the presence of O2 to original oxidized β-Lap, causing a futile cycling 
between the quinone and hydroquinone forms. This futile cycling of the 
drug causes a progressive depletion of NADH or NAD(P)H levels. We 
observed that IR sensitizes cancer cells to β-Lap by causing a long-last-
ing elevation of NQO1 activity. It thus appeared that the synergistic 
interaction of ionizing radiation (IR) and β-Lap in killing cancer cells 
was due to an increase in cellular susceptibility to β-Lap, probably in 
addition to β-lap induced radiosensitization. Importantly, the NQO1 
level in many human tumors is markedly greater than this in normal 
tissues. The fact that NQO1 level in tumors can be increased further by 
IR suggests that the combination of β-Lap and radiotherapy may be a 
potentially effective approach to selectively damage tumors relative to 
normal tissue. The combination of β-Lap and radiotherapy is a poten-
tially effective regimen for the treatment of human cancer.
It is possible that genetic variations in genes mentioned above can af-
fect the treatment result after radiation therapy, because its expression 
or mechanism is related to ionizing radiation. Single nucleotide poly-
morphisms (SNPs) make up about 90% of human genetic variations. 
We tried to investigated that the difference in enzymatic activity by 
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genetic polymorphisms could affect the treatment response and might 
be used as genetic marker of tumor response after radiation therapy.
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Subsets of patients with non-small cell lung cancer (NSCLC) respond 
remarkably well to small molecule tyrosine kinase inhibitors (TKI) 
speciﬁc for epidermal growth factor receptor (EGFR) such as geﬁtinib 
or erlotinib. Those patients are typically of East Asian ethnicity, female 
gender, no history of smoking or those with adenocarcinoma. In 2004, 
it was found that NSCLC occurring in patients with above-mentioned 
characteristics frequently harbors activating mutations of the EGFR 
gene. Of note, EGFR mutation is a ﬁrst molecular alteration in NSCLC 
that is more frequent in never smoking patients. Our case-control study 
indicated that EGFR mutations occurred independent of smoking and 
apparent inverse relationship with smoking was due to dilution by 
tumors without EGFR mutations that increased with smoking history. 
In general, about 80% of NSCLCs with EGFR mutations respond to 
EGFR-TKIs, whereas some 10% of tumors without the mutations do 
so. Several investigators claim that EGFR gene copy number is more 
predictive of response or survival, although at least in our cohort, 
EGFR mutations were far better than copy number. In addition, various 
predictive markers have been reported to date. Those include expres-
sion of ligands for EGFR, change in other HER family genes including 
HER2 mutation or downstream molecules of EGFR pathway (e.g., 
KRAS mutation, AKT phosphorylation, PTEN expression, etc.). 
It is common for patients to show disease progression after presenting 
with an initial marked response to EGFR-TKIs. Secondary mutation 
occurring in exon 20 of the EGFR gene (T790M ) has been associated 
with the acquired resistance to EGFR-TKI. We were able to conﬁrm 
that 7/14 patients with acquired resistance after initial dramatic re-
sponse had T790M, but that no novel mutations were found. New class 
of TKIs that are able to overcome T790M are currently being devel-
oped. Very recently, Engelman et al. reported that ampliﬁcation of the 
MET gene is another mechanism of acquired resistance of EGFR-TKI 
through activation of HER3 signaling. It is known that some NSCLCs 
have T790M or MET ampliﬁcation even before EGFR-TKI therapy. 
Obviously, these NSCLC would require another treatment strategy.
Since all but one phase III trials have failed to show a survival advan-
tage of the treatment arm involving EGFR-TKIs, it appears mandatory 
to select patients by several of above-mentioned biomarkers. Through 
these efforts, it would be possible to individualize EGFR-TKI treatment 
for patients suffering from lung cancer.
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Worldwide, lung cancer is responsible for more than one million death 
per annum and is the leading cause of cancer mortality. Most patients 
with lung cancer are not cured and the overall 5-year survival rate is 
approximately 15%. Recent advances in the knowledge of cancer biol-
ogy led to the identiﬁcation of several potential molecular targets that 
play a key role in cancer development and progression. Selective tar-
geting of cancer cells based on their molecular phenotype can provide 
effective anti-cancer activity avoiding the commonly experienced side 
effects induced by chemotherapy. The new agents range from antibod-
ies that form complexes with antigens on the surface of the cancer cell 
to small molecules that have been engineered to block key enzymatic 
reaction. The interaction of the drug with its target inhibits pathways 
that are essential for cell proliferation or activates pathways that culmi-
nate in cancer cell apoptosis. So far, the dominant clinical trial strategy 
for patients with Non-Small-Cell Lung Cancer (NSCLC) has been to 
include a generic population of patients, with no selection based on 
biological criteria and, most importantly, with none or poor target as-
sessment. Although recent clinical trials in NSCLC have demonstrated 
survival improvement without a deﬁned biological endpoint, the hazard 
of continuing to perform clinical trials without any patient selection 
carries the risk of administering the wrong drug to the wrong patient 
and considering ineffective a drug that could dramatically improve the 
outcome of some patients, even if those are numerically small. 
The Epidermal Growth Factor Receptors (EGFRs) stand at the origin of 
a major signaling pathway involved in the growth of lung cancer. The 
EGFR superfamily includes four distinct closely related transmembrane 
receptors: EGFR/erbB-1, HER2/erbB-2, HER3/erbB-3, and HER4/
erbB-4. EGFR is normally found on the surface of epithelial cells and 
has been found to be commonly overexpressed in a variety of human 
malignancies. Different ligands can lead to EGFR activation and sub-
sequent signal transduction, including the epidermal growth factor, the 
transforming growth factor alpha and neuregulins. After ligand bind-
ing to the extracellular receptor domain, EGFR undergoes homo- or 
heterodimerization and autophosphorylation of its intracellular tyrosine 
kinase domain. These autophosphorylation events trigger a cascade of 
downstream signals, which ultimately result in an increase of cellular 
